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Description
TECHNICAL FIELD

[0001] The present disclosure relates to the field of
communication technology, in particular to a channel
state information (CSl) feedback method, a CSl acquisi-
tionmethod, a CSl feedback device and a CSl acquisition
device.

BACKGROUND

[0002] In a cellular system in the related art, antennae
of a base station are usually arranged horizontally in an
array form. Beams from a transmitter of the base station
may merely be adjusted in a horizontal direction, and the
each beam is provided with a fixed down-tilt angle in a
vertical direction. Hence, various beamforming/precod-
ing technologies may be performed on the basis of chan-
nel information in the horizontal direction. However, ac-
tually, a radio signal is transmitted in a space in a three-
dimensional (3D) manner, so it is impossible to provide
an optimal system performance through the fixed down-
tilt angle.

[0003] For a 3D Multiple Input Multiple Output (MIMO)
tcchniquc, one of its important features lies in that there
are a large number of antennae at a base station side (a
network side) and the antenna array is provided with a
two-dimensional (2D) antenna structure. For example,
there may exist 8, 16, 32 or 64 antennae.

[0004] Along with the development of the antenna
technology, an active antenna capable of controlling
each element independently has currently emerged.
Through this design, in the antenna array, the antennae
arranged horizontally in a 2D manner may be replaced
with the antennae arranged horizontally and vertically in
a 3D manner. Correspondingly, it is possible to dynam-
ically adjust the beams in the vertical direction.

[0005] Fora Frequency Division Duplexing (FDD) sys-
tem, the 3D beamforming/precoding operation needs to
be performed on the basis of CSI reported by a User
Equipment (UE). As a possible way, the CSI may be re-
ported on the basis of a codebook, as that adopted by a
Long Term Evolution (LTE) Release 8 system.

[0006] Inordertofeed backthe CSlusingthe 3D MIMO
technique, in the related art, a plurality of Channel State
Information Reference Signal (CSI-RS) resources may
be configured for an evolved Node B (eNB)in a horizontal
dimension, and pilot resources may be provided with dif-
ferent vertical beam-forming matrices at an eNB end.
Then, the UE may measure each pilot resource in the
horizontal dimension and report the CSI. Actually, in this
scheme, the CSI feedback mode of a beamforming vec-
tor in the vertical dimension is combined with the CSI
feedback mode in the horizontal dimension. However,
there exist the following defects in this scheme.

[0007] 1. There exists a very high CSI-RS resource
overhead. For example, in the case that the eNB is pro-
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vided with 8 beamforming vectors in the vertical dimen-
sion, 8 pilot resources need to be configured for the eNB
in the horizontal direction, resulting a huge overhead for
the system.

[0008] 2. In order to enable eNB to acquire beam in-
formation in the vertical dimension, the UE needs to feed
back signals measured on the one or more pilot resourc-
es, which results in a relatively large uplink feedback
overhead.

[0009] 3. The UE needs to be provided with a strong
ability of processing the plurality of pilot resources in the
vertical dimension (i.e., a plurality of CSl progresses), so
the power consumption may increase and the UE design
may be very complex, whichis thus adverse to the spread
of the 3D MIMO technique.

[0010] In a word, for the scheme for acquiring the CSI
using the 3D MIMO technique in the related art, it is nec-
essary to configure the pilot resources in various dimen-
sions for the UE, resulting in a huge resource overhead.
In addition, it is difficult to process the CSI progresses at
a UE side, so the implementation of the scheme may be
not easy.

[0011] Reference document "US2015124736A1" dis-
cussed a method for reporting channel status informa-
tion. The method includes: receiving from a base station
afirst channel status information-reference signal based
on CSI-RS configuration information for a first domain
antenna group of a two-dimensional antenna structure,
which is provided from the base station; reporting to the
base station first CSl for the first domain antenna group,
which is generated by using the first CSI-RS; receiving
from the base station a second CSI-RS based on CSI-
RS configuration information for a second domain anten-
nagroup of the two-dimensional antenna structure, which
is provided from the base station; and reporting to the
base station second CSl for the second domain antenna
group, which is generated by using the second CSI-RS,
wherein the CSI-RS configuration information for the sec-
ond domain antenna group may be determined based
on the first CSl. Reference document
"W02014117748A1" discussed techniques for 3D mul-
tiple-input multiple-output (MIMO) channel state informa-
tion (CSl) feedback based on virtual elevation ports. Ac-
cording to certain aspects, a UE receives first reference
signals (RS) from a base station that has a multi-dimen-
sional array of transmit antennas. The RSs are transmit-
ted from the BS using a plurality of elevation beams and
the UE can select a preferred elevation beam and provide
an indication of the preferred elevation beam to the base
station. The UE subsequently receives RSs from the BS
that uses the preferred elevation beam and a plurality of
azimuthal ports. The UE then provides channel feedback
to the BS based on the RSs that were sent using the
preferred elevation beam. Reference document
"W02014107012A1" discussed a wireless communica-
tion system. the multi-node system is used with or re-
places the conventional centralized antenna system to
become a new foundation of cellular communication in
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order to reduce base station cost and backhaul network
maintenance cost while extending service coverage and
improving channel capacity and SINR in next-generation
mobile communication systems. Reference document
US2013329664A1 discussed a method and an appara-
tus for transmitting/receiving channel state information
in a multi-antenna system.

SUMMARY
(1) Technical problem to be solved

[0012] An object of the present disclosure is to provide
a CSl acquisition method and a CSI acquisition device,
so as to reduce pilot resource overhead configured for
the UE and reduce the difficulty in processing the CSI
feedback progresses at the UE side, thereby to facilitate
the CSI feedback and acquisition and save the resourc-
es.

[0013] The invention is defined by the independent
claims. Preferred embodiments of the invention are stip-
ulated in the dependent claims. While several embodi-
ments and/or examples have been disclosed in the de-
scription, the subject matter for which protection is sought
is strictly and solely limited to those embodiments and/or
examples encompassed by the scope of the appended
claims. Embodiments and/or examples mentioned in the
description that do not fall under the scope of the claims
are useful for understanding the invention.

(2) Technical solution

[0014] In one aspect, the present disclosure provides
a CSI acquisition method implemented a network side
device, including steps of: determining beamforming ar-
ray information in a first dimension; beamforming a pilot
signal in a second dimension in accordance with the
beamforming array information in the first dimension, and
transmitting the beamformed pilot signal in the second
dimension to a UE through a pilot resource in the second
dimension; and receiving, from the UE, CSl in the second
dimension obtained by the UE by measuring the beam-
formed pilot signal in the second dimension.

[0015] According to the CSI acquisition method, the
pilot signal in the second dimension, which needs to be
transmitted through the pilot resource in the second di-
mension pre-configured for the UE, may be beamformed
in accordance with the beamforming array information in
the first dimension, and then the beamformed pilot signal
in the second dimension may be transmitted to the UE
through the pilot resource in the second dimension, so
that the UE may measure the pilot signal in the second
dimension beamformed in accordance with the beam-
forming array information in the first dimension and the
obtained CSl is just overall CSI for a final 3D MIMO an-
tenna array. In this way, it is unnecessary to configure
excessive pilot resources for the UE, and it is unneces-
sary for the UE to measure and report the excessive pilot
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resources, thereby it is able to reduce the difficulty in
processing the CSI progresses at a UE side. In addition,
the network side device may directly schedule a link in
accordance with the CSl in one dimension reported by
the UE, rather than the CSI in two dimensions, so it is
able to facilitate the CSI feedback and acquisition, and
save the resources.

[0016] Optionally, the step of determining the beam-
forming array information in the first dimension includes:
pre-configuring a pilot resource in the first dimension for
the UE and notifying the UE of the pilot resource in the
first dimension; transmitting a pilot signal in the first di-
mension to the UE through the pilot resource in the first
dimension; and receiving, from the UE, CSl in the first
dimension obtained by the UE by measuring the pilot
signal in the first dimension through the pilot resource in
the first dimension, and taking the CSl in the first dimen-
sion as the beamforming array information in the first
dimension.

[0017] Optionally, the CSI in the first dimension in-
cludes Precoding Matrix Indicator (PMI) information.
[0018] Optionally, the CSl in the first dimension further
includes Rank Indicator (RI) information corresponding
to the PMI information.

[0019] Optionally, the CSl in the first dimension further
includes Channel Quality Indicator (CQl) information ob-
tained by the UE in accordance with the PMI information.
[0020] Optionally, the step of beamforming the pilot
signal in the second dimension in accordance with the
beamforming array information in the first dimension in-
cludes: beamforming the pilot signal in the second di-
mension through the CSl in the first dimension which is
measured by the UE through the pilot resource in the first
dimension and transmitted from the UE; or processing
the CSl in the first dimension and beamforming the pilot
signal in the second dimension in accordance with the
processed CSl in the first dimension.

[0021] Optionally, the step of determining the beam-
forming array information in the first dimension includes
measuring an uplink channel and measuring the beam-
forming array information in the first dimension.

[0022] Optionally, the first dimension is perpendicular
to the second dimension.

[0023] Optionally, the first dimension is a vertical di-
mension, and the second dimension is a horizontal di-
mension.

[0024] Optionally, the pilot resource is a CSI-RS re-
source or a Common Reference Signal (CRS) resource.
[0025] In another aspect, the present disclosure pro-
vides a CSI feedback method implemented by a UE, in-
cluding steps of: determining a pilot resource in a second
dimension pre-configured by a network side device for
the UE; measuring a beamformed pilot signal in the sec-
ond dimension transmitted by the network side device
through the pilot resource in the second dimension, to
acquire CSl in the second dimension, where the beam-
formed pilot signal in the second dimension is acquired
by beamforming, by the network side device, a pilot signal
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in the second dimension to be transmitted through the
pilot resource in the second dimension in accordance
with beamforming array information in a first dimension;
and transmitting the CSl in the second dimension to the
network side device.

[0026] Accordingto the CSlfeedback method, the net-
work side device may beamform the pilot signal in the
second dimension, which needs to be transmitted
through the pilot resource in the second dimension pre-
configured for the UE, in accordance with the beamform-
ing array information in the first dimension, and then
transmit the beamformed pilot signal in the second di-
mension to the UE through the pilot resource in the sec-
ond dimension, so that the UE may measure the pilot
signal in the second dimension beamformed in accord-
ance with the beamforming array information in the first
dimension and the obtained CSl is just overall CSl for a
final 3D MIMO antenna array. In this way, it is unneces-
sary for the UE to perform measurement and reporting
operations with respect to excessive pilot resources,
thereby it is able to reduce the difficulty in processing the
CSl progresses at a UE side, facilitate the CSI feedback
and acquisition, and save the resources.

[0027] Optionally, the CSI feedback method further in-
cludes: determining, by the UE, a pilot resource in the
first dimension pre-configured by the network side device
for the UE: measuring a pilot signal in the first dimension
transmitted through the pilot resource in the first dimen-
sion, to acquire CSl in the first dimension; and transmit-
ting, by the UE, the CSI in the first dimension to the net-
work side device.

[0028] Optionally, the CSI in the first dimension in-
cludes PMI information.

[0029] Optionally, the CSlin the first dimension further
includes Rl information corresponding to the PMI infor-
mation.

[0030] Optionally, the CSlin the first dimension further
includes CQIl information obtained by the UE in accord-
ance with the PMI information.

[0031] In yet another aspect, the present disclosure
provides a CSI acquisition device, including: a first unit
configured to determine beamforming array information
in afirstdimension; a second unitconfigured to beamform
a pilot signal in a second dimension in accordance with
the beamforming array information in the first dimension,
and transmit the beamformed pilot signal in the second
dimension to a UE through a pilot resource in the second
dimension; and a third unit configured to receive from the
UE CSI in the second dimension obtained by the UE by
measuring the beamformed pilot signal in the second di-
mension.

[0032] Optionally, the CSlacquisition device furtherin-
cludes a fourth unit configured to pre-configure a pilot
resource in the first dimension for the UE and notify the
UE of the pilot resource in the first dimension, and trans-
mit a pilot signal in the first dimension to the UE through
the pilot resource in the first dimension. The first unit is
further configured to receive, from the UE, CSl in the first
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dimension obtained by the UE by measuring the pilot
signal in the first dimension on the pilot resource in the
first dimension, and take the CSI in the first dimension
as the beamforming array information in the first dimen-
sion.

[0033] Optionally, the CSI in the first dimension in-
cludes PMI information.

[0034] Optionally, the CSl in the first dimension further
includes RI information corresponding to the PMI infor-
mation.

[0035] Optionally, the CSl in the first dimension further
includes CQIl information obtained by the UE in accord-
ance with the PMI information.

[0036] Optionally, in the case the second unit beam-
forms the pilot signal in the second dimension in accord-
ance with the beamforming array information in the first
dimension, the second unit is further configured to beam-
form the pilot signal in the second dimension through the
CSl in the first dimension which is measured by the UE
through the pilotresource in the first dimension and trans-
mitted from the UE; or process the CSl in the first dimen-
sion and beamform the pilot signal in the second dimen-
sion in accordance with the processed CSI in the first
dimension.

[0037] Optionally, the first unit is further configured to
measure an uplink channel and determine the beamform-
ing array information in the first dimension.

[0038] Instillyetanotheraspect, the presentdisclosure
provides a CSI feedback device, including: a pilot re-
source determination unit configured to determine a pilot
resource in a second dimension pre-configured by a net-
work side device fora UE; a measurementunit configured
to measure a beamformed pilot signal in the second di-
mension transmitted by the network side device through
the pilot resource in the second dimension, to acquire
CSIl in the second dimension, where the beamformed
pilot signal in the second dimension is acquired by beam-
forming, by the network side device, a pilot signal in the
second dimension to be transmitted through the pilot re-
source in the second dimension in accordance with
beamforming array information in a first dimension; and
a transmission unit configured to transmit the CSI in the
second dimension to the network side device.

[0039] Optionally, the pilot resource determination unit
is further configured to determine a pilot resource in the
first dimension pre-configured by the network side device
for the UE. The measurement unit is further configured
to measure a pilot signal in the first dimension transmitted
through the pilot resource in the first dimension, to ac-
quire CSl in the first dimension. The transmission unit is
further configured to transmit the CSl in the first dimen-
sion to the network side device.

[0040] Instillyetanotheraspect, the presentdisclosure
provides a network side device, including: a processor;
a memory connected to the processor via a bus interface
and configured to store therein programs and data for
the operation of the processor; and a transceiver config-
ured to communicate with any other devices over a trans-
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mission medium. In the case that the programs and data
stored in the memory are called and executed by the
processor, the network side device is configured to: de-
termine beamforming array information in a first dimen-
sion; beamform a pilot signal in a second dimension in
accordance with the beamforming array information in
the first dimension, and transmit the beamformed pilot
signal in the second dimension to a UE through a pilot
resource in the second dimension; and receive from the
UE CSl in the second dimension obtained by the UE by
measuring the beamformed pilot signal in the second di-
mension.

[0041] Instillyetanotheraspect, the presentdisclosure
provides a UE, including: a processor; a memory con-
nected to the processor via a bus interface and config-
ured to store therein programs and data for the operation
of the processor; and a transceiver configured to com-
municate with any other devices over a transmission me-
dium. In the case that the programs and data stored in
the memory are called and executed by the processor,
the UE is configured to: determine a pilot resource in a
second dimension pre-configured by a network side de-
vice for the UE; measure a beamformed pilot signal in
the second dimension transmitted by the network side
device through the pilot resource in the second dimen-
sion, to acquire CSl in the second dimension, where the
beamformed pilot signal in the second dimension is ac-
quired by beamforming, by the network side device, a
pilot signal in the second dimension to be transmitted
through the pilot resource in the second dimension in
accordance with beamforming array information in a first
dimension; and transmit the CSl in the second dimension
to the network side device.

(3) Beneficial effect

[0042] According to the CSlfeedback method, the CSI
acquisition method, the CSl feedback device and the CSI
acquisition device in the present disclosure, it is able to
reduce the pilot resources configured for the UE and re-
duce the difficulty in processing the CSI progresses at
the UE side, thereby to facilitate the CSl feedback and
acquisition and save the resources.

BRIEF DESCRIPTION OF THE DRAWINGS

[0043] In order to illustrate the technical solutions of
the present disclosure or the related art in a clearer man-
ner, the drawings desired for the present disclosure or
the related art will be described hereinafter briefly. Obvi-
ously, the following drawings merely relate to some em-
bodiments of the present disclosure, and based on these
drawings, a person skilled in the art may obtain the other
drawings without any creative effort.

Fig.1 is a flow chart of a CSI transmission method
at both a network side and a UE side in some em-
bodiments of the present disclosure;
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Fig.2 is a schematic view showing a configuration
for a CSI-RS resource in some embodiments of the
present disclosure;

Fig.3 is a schematic view showing a beamforming in
some embodiments of the present disclosure;
Fig.4 is a flow chart of a CSl acquisition method at
a network side in some embodiments of the present
disclosure;

Fig.5 is a flow chart of a CSl feedback method at a
UE side in some embodiments of the present disclo-
sure;

Fig.6 is a schematic view showing a CSl acquisition
device at the network side in some embodiments of
the present disclosure;

Fig.7 is a schematic view showing a CSI feedback
device at the UE side in some embodiments of the
present disclosure;

Fig.8 is a schematic view showing a base station for
acquiring CSl in some embodiments of the present
disclosure; and

Fig.9 is a schematic view showing a UE for acquiring
CSlin some embodiments of the present disclosure.

DETAILED DESCRIPTION OF THE EMBODIMENTS

[0044] The present disclosure will be described here-
inafter in conjunction with the drawings and embodi-
ments. The following embodiments are forillustrative pur-
poses only. The scope of the invention is defined by the
appended claims.

[0045] In order to make the objects, the technical so-
lutions and the advantages of the present disclosure
more apparent, the present disclosure will be described
hereinafterin a clear and complete mannerin conjunction
with the drawings and embodiments.

[0046] Unless otherwise defined, any technical or sci-
entific term used herein shall have the common meaning
understood by a person of ordinary skills. Such words as
"first" and "second" used in the specification and claims
are merely used to differentiate different components
rather than to represent any order, number or impor-
tance. Similarly, such words as "one" or "one of’ are mere-
ly used to representthe existence of atleast one member,
rather than to limit the number thereof. Such words
as "connect" or "connected to" may include electrical
connection, direct or indirect, rather than to be limited to
physical or mechanical connection. Such words as "on",
"under", "left" and "right" are merely used to represent
relative position relationship, and when an absolute po-
sition of the object is changed, the relative position rela-
tionship will be changed too.

[0047] An object of the present disclosure is to provide
a CSl acquisition method and a CSI acquisition device,
so as to reduce pilot resource overhead configured for a
UE and reduce the difficulty in processing CSI feedback
progresses at a UE side, thereby to facilitate the CSI
feedback and acquisition and save the resources.
[0048] A radio signal is transmitted in a space in a 3D
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manner, and itis impossible to provide an optimal system
performance through a fixed down-tilt angle, so beam
adjustment in a vertical direction plays a very important
role in reducing inter-cell interference and improving the
system performance.

[0049] In the embodiments of the present disclosure,
afirst dimension is perpendicular to a second dimension,
and a pilot resource may be, but not limited to, a CSI-RS
resource or a CRS resource.

[0050] The following description will be given in the
case that the first dimension is a vertical dimension, the
second dimension is a horizontal dimension and the pilot
resource is a CSI-RS resource, and based on this, a per-
son skilled in the art may obtain the other embodiments
through modification or alteration.

[0051] In the embodiments of the present disclosure,
an eNB may configure CSI-RS resources in the vertical
dimension for the UE, so as to perform measurement in
the vertical dimension. In a wireless system in the related
art, e.g., an LTE system, a pilot signal may be used for
measuring channel information or Radio Resource Man-
agement (RRM), e.g., it may be used to measure Refer-
ence Signal Received Power (RSRP) and Reference Sig-
nal Received Quality (RSRQ). This measurement may
be performed by measuring the CRS or CSI-RS, or any
other pilot signals, which will not be particularly defined
herein.

[0052] Referring to Fig1, the present disclosure pro-
vides in some embodiments a CSl transmission method,
which includes the following steps.

[0053] Step S101: configuring, by the eNB, a CSI-RS
resource in a vertical dimension and a CSI-RS resource
in a horizontal dimension for a UE, and notifying the UE
of resource configuration information about the CSI-RS
resource in the vertical dimension and resource config-
uration information about the CSI-RS resource in the hor-
izontal dimension.

[0054] The CSI-RSresource referstotime-domainand
frequency-domain resources for transmitting a CSI-RS,
and the resource configuration information about the
CSI-RS resource in the vertical dimension and the re-
source configuration information about the CSI-RS re-
source in the horizontal dimension may be notified to the
UE through high-layer information. The high-layer infor-
mation includes a transmission period, an offset value,
power and an index of the CSI-RS. For the LTE system,
a plurality of available CSI-RS resources may be config-
ured within one subframc. For example, for a two-anten-
na system, 20 available CSI-RS resources may be con-
figured within one subframe. The CSI-RS index may be
used to notify the UE of the CSI-RS resource configured
for the UE.

[0055] Each CSI-RS resource is provided with its own
subframe period and offset. Referringto Fig.2, in the case
that the transmission period for each CSI-RS includes 5
subframes, the offset value is used to indicate the sub-
frame of each frame where the CSI-RS is to be transmit-
ted. An offset value of the CSI-RS may be 0, 1, 2, 3 or
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4. In the case that the offset value is 0, the CSI-RS may
be transmitted at subframe #0 of each frame, and in the
case that the offset value is 1, the CSI-RS may be trans-
mitted at subframe #1.

[0056] Step S102: transmitting, by the eNB, a CSI-RS
in the vertical dimension to the UE through the CSI-RS
resource in the vertical dimension.

[0057] Step S103: measuring, by the UE, the CSI-RS
in the vertical dimension transmitted by the eNB through
the CSI-RS resource in the vertical dimension to acquire
CSlin the vertical dimension, and transmit the acquired
CSl in the vertical dimension to the eNB.

[0058] To be specific, in the case that the CSI-RS in
the vertical dimension is transmitted via two ports (i.e.,
the UE determines that the eNB includes two transmitter
antennae in the vertical dimension) and the UE includes
one receiver antenna, a channel may be a 2xX1 matrix.
At this time, the UE may measure the channel with re-
spect to each CSI-RS port, so as to acquire the CSl in
the vertical dimension.

[0059] The CSI in the vertical dimension may be pro-
vided in various forms.

(1) The CSI in the vertical dimension may merely
include PMI information, so as to reflect an optimal
beamforming matrix in the vertical dimension that
has been measured by the UE.

(2) The CSI in the vertical dimension may further
include a fixed RI corresponding to the PMI informa-
tion. The Rl information is used to reflect the number
of code streams corresponding to the PMI informa-
tion.

[0060] The Rlinformation may be appointed by the net-
work side and the UE side in advance, and at this time,
it is unnecessary for the UE to report the RI information.
Alternatively, the RI information may also be provided
through a codebook subset restriction. In the case that
there are 16 precoders in a codebook and there is no
codebook subset restriction, the UE may report any one
of the 16 precoders (in accordance with a measurement
result). However, in the case that the UE can merely re-
port one of the former 8 precoders in accordance with
the codebook subset restriction, the UE needs to select
a precoder to be reported from a subset of the codebook
subset restriction (e.g., the 8 precoders).

[0061] Forexample, in the case that RI=1, the UE may
merely transmit the PMI information about an antenna
array 1 (rank-1), so as to notify the eNB to perform a
rank-1 beamforming operation in the vertical dimension.
Considering a relatively narrow space between the 3D
MIMO antenna arrays in the vertical dimension, it is pos-
sible to acquire most of system gains through the beam-
forming operation in the vertical dimension on the basis
of the rank-1 PMI information.

[0062] (3) Further, the UE may further transmit Chan-
nel Quality Indicator (CQI) information in the vertical di-
mension acquired on the basis of the PMI information in
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the vertical dimension to the network side device. Final
3D MIMO CAQl information may be acquired in accord-
ance with the CQIl information in the vertical dimension
and CQl information in the horizontal dimension. How-
ever, at this time, the eNB needs to further process the
CQl information in the vertical dimension and the CQl
Information in the horizontal dimension. In the case that
the CQIl information in the vertical dimension is CQI 1
and the CQIl information in the horizontal dimension is
CQl 2, the eNB may assume that the CQl acquired after
the 3D MIMO beamforming operation is CQIl 1XCQl 2.
This is merely a possible scheme, and another other
schemes may also be applied, which however may result
in a complex structure of the eNB. Hence, as a simple
way, the UE may merely transmit the PMI information to
the network side device.

[0063] It should be appreciated that, under some spe-
cial circumstances (e.g., in a TDD system), an uplink
channel is equivalent to a downlink channel. Depending
on this feature, the eNB may measure the uplink channel
so as to acquire the downlink beamforming array infor-
mation in the vertical dimension. To be specific, the UE
may transmit a channel measurement signal (e.g., Syn-
chronous Reference Signal (SRS)) to the eNB, and then
the eNB may measure the uplink channel. Under a cir-
cumstance where reciprocity exists for the uplink and
downlink channels (e.g., in the TDD system), it may be
assumed that the uplink channel is identical to the down-
link channel. At this time, it is unnecessary for the eNB
to acquire the beamforming array information in the ver-
tical dimension from the UE, i.e., itis unnecessary for the
eNB to configure the CSI-RS resource in the vertical di-
mension for the UE.

[0064] Step S104: receiving, by the eNB, the CSl in
the vertical dimension, including the beamforming array
information in the vertical dimension (e.g., w).

[0065] Step S105: beamforming, by the eNB, a CSI-
RS in the horizontal dimension in accordance with the
received CSI in the vertical dimension (e.g., W), and
transmitting the beamformed CSI-RS in the horizontal
dimension to the UE.

[0066] The eNB may beamform the CSI-RS in the hor-
izontal dimension in accordance with the received CSI
in the vertical dimension, as shown in Fig.3. There are
16 antennae arranged in four groups in the vertical di-
rection, with four antennae in each group. The antennae
in each group are configured to transmit a pilot signal for
one port of the CSI-RS in the horizontal dimension. A
pilot signal s(i) for an ith port may be weighted by a beam-
forming weight vector w=[w(0) w(1) w(2) w(3)]T and then
transmitted by the ith group of antennae, i.e., the anten-
nae in an ith column. Here, w represents a beamforming
matrix in the vertical dimension, and it may be acquired
by the eNB in accordance with the CSI in the vertical
dimension. W(0), W(1), W(2) and W(3) are each a scalar,
and each of them represents a weighting coefficient. To
be specific, there are four antennae in each column, and
the weighting coefficients for the four antennae are rep-
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resented by W(0), W(1), W(2) and W(3) respectively. W(i)
represents a weighting coefficient for an ith antenna in
each column, and 0<=i<=3. W(0), W(1), W(2) and W(3)
may be of different values. In addition, the weighting co-
efficients of the antennae in different columns may be
identical to each other, i.e., the weight vector W corre-
sponding to the antennae in different columns may be
[W(0), W(1), W(2), W(3)]. W is a 4X1 vector, i.e., the
weight vector W for the antennae in each column is a
4x1 vector [W(0), W(1), W(2), W(3)]. The antennae in
each column may correspond to this vector, so the vec-
tors corresponding to the antennae in each column may
be identical. In the case that the UE transmits the PMI
information on the CSI-RS resource in the vertical dimen-
sion, the PMI information may be acquired from a corre-
sponding codebook (a four-antenna codebook). The PMI
information corresponds to the four antennae in the ver-
tical dimension. The eNB may determine the beamform-
ing matrix w in the vertical dimension from the corre-
sponding codebook in accordance with the PMI informa-
tion.

[0067] After the beamforming operation using the
weight vector w, the CSI-RSs in the horizontal dimension
transmitted by the eNB to the UE in Step S105 may be
S(0), S(1), S(2) and S(3), as shown in Fig.3.

[0068] Step S106: measuring, by the UE, the CSI-RS
in the horizontal dimension transmitted by the eNB
through the CSI-RS resource in the horizontal dimension,
and transmitting, by the UE, the measured CSI in the
horizontal dimension to the eNB.

[0069] Step S107: receiving, by the eNB, the CSI in
the horizontal dimension from the UE.

[0070] In Step S106, the CSl in the horizontal dimen-
sion may be transmitted to the eNB using the method
adopted in a conventional one-dimensional antenna sys-
tem (e.g., an LTE Rel.12 system), without any modifica-
tion. The UE may measure the CSI-RS in the horizontal
dimension which has been bcamformcd in the vertical
dimension, so the obtained CSl is just the final, overall
3D MIMO CSI. The eNB may directly use the final, overall
CSl to perform link adaption. After the CSI-RS in the hor-
izontal dimension has been measured, the UE may trans-
mit the PMI information and the CQI information in the
horizontal dimension to the eNB. The CQl information
refers to the channel quality acquired after the CSI-RS
in the horizontal dimension has been beamformed with
the PMI information in the horizontal dimension. Howev-
er, the CSI-RS in the horizontal dimension has been
beamformed by the eNB with the PMI information in the
vertical dimension, so the CQl information in the horizon-
tal dimension from the UE has just been beamformed
with the PMI information in both the horizontal dimension
and the vertical dimension. At this time, it is unnecessary
for the eNB to perform any operation, and it is able to
effectively reduce the complexity of the link adaption.
[0071] Referring to Fig.4, the present disclosure pro-
vides in some embodiments a CSl acquisition method at
a network side, including: Step S201 of determining
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beamforming array information in a first dimension; Step
S202 of beamforming, in accordance with the beamform-
ing array information in the first dimension, a pilot signal
in a second dimension to be transmitted through a pilot
resource in the second dimension pre-configured for a
UE, and transmitting the beamformed pilot signal in the
second dimension to the UE through the pilot resource
in the second dimension; and Step S203 of receiving,
from the UE, CSI in the second dimension obtained by
the UE by measuring the beamformed pilot signal in the
second dimension through the pilot resource in the sec-
ond dimension pre-configured for the UE.

[0072] According to the CSl acquisition method in the
embodiments of the present disclosure, the pilot signal
in the second dimension, which needs to be transmitted
through the pilot resource in the second dimension pre-
configured for the UE, may be beamformed in accord-
ance with the beamforming array information in the first
dimension, and then the beamformed pilot signal in the
second dimension may be transmitted to the UE through
the pilot resource in the second dimension, so that the
UE may measure the pilot signal in the second dimension
beamformed in accordance with the beamforming array
information in the first dimension and the obtained CSI
is just overall CSl for a final 3D MIMO antenna array. In
this way, it is unnecessary to configure excessive pilot
resources for the UE, and it is unnecessary for the UE
to measure and report the excessive pilot resources,
thereby it is able to reduce the difficulty in processing the
CSI progresses at a UE side. In addition, the network
side device may directly schedule a link in accordance
with the CSlin one dimension reported by the UE, rather
than the CSI in two dimensions, so it is able to facilitate
the CSI feedback and acquisition, and save the resourc-
es.

[0073] Optionally, the step of determining the beam-
forming array information in the first dimension includes:
pre-configuring a pilot resource in the first dimension for
the UE and notifying the UE of the pilot resource in the
first dimension; transmitting a pilot signal in the first di-
mension to the UE through the pilot resource in the first
dimension; and receiving, from the UE, CSI in the first
dimension obtained by the UE by measuring the pilot
signal in the first dimension through the pilot resource in
the first dimension, and taking the CSl in the first dimen-
sion as the beamforming array information in the first
dimension.

[0074] Optionally, the CSI in the first dimension in-
cludes Precoding Matrix Indicator (PMI) information.
[0075] Optionally, the CSlin the first dimension further
includes Rank Indicator (RI) information corresponding
to the PMI information.

[0076] Optionally, the CSlin the first dimension further
includes CQIl information obtained by the UE in accord-
ance with the PMI information.

[0077] Optionally, the step of beamforming the pilot
signal in the second dimension in accordance with the
beamforming array information in the first dimension in-
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cludes: beamforming the pilot signal in the second di-
mension through the CSl in the first dimension which is
measured by the UE through the pilot resource in the first
dimension and transmitted from the UE; or processing
the CSl in the first dimension and beamforming the pilot
signal in the second dimension in accordance with the
processed CSl in the first dimension.

[0078] Optionally, the step of determining the beam-
forming array information in the first dimension includes
measuring an uplink channel to determine the beamform-
ing array information in the first dimension.

[0079] Optionally, the first dimension is perpendicular
to the second dimension.

[0080] Optionally, the first dimension is a vertical di-
mension, and the second dimension is a horizontal di-
mension.

[0081] Optionally, the pilot resource is a CSI-RS re-
source or a CRS resource.

[0082] Referringto Fig.5, the presentdisclosure further
provides in some embodiments a CSI feedback method
at a UE side, including: Step S301 of determining a pilot
resource in a second dimension pre-configured by a net-
work side device for a UE; Step S302 of measuring a
beamformed pilot signal in the second dimension trans-
mitted by the network side device through the pilot re-
source in the second dimension, to acquire CSl in the
second dimension, where the beamformed pilot signal in
the second dimension is acquired by beamforming, by
the network side device, a pilot signal in the second di-
mension to be transmitted through the pilot resource in
the second dimension in accordance with beamforming
array information in a first dimension; and Step S303 of
transmitting the CSI in the second dimension to the net-
work side device.

[0083] According to the CSI feedback method in the
embodiments of the present disclosure, the network side
device may beamform the pilot signal in the second di-
mension, which needs to be transmitted through the pilot
resource in the second dimension pre-configured for the
UE, in accordance with the beamforming array informa-
tion in the first dimension, and then transmit the beam-
formed pilot signal in the second dimension to the UE
through the pilot resource in the second dimension, so
that the UE may measure the pilot signal in the second
dimension beamformed in accordance with the beam-
forming array information in the first dimension and the
obtained CSl is just overall CSl for a final 3D MIMO an-
tenna array. In this way, it is unnecessary for the UE to
measure and report the excessive pilot resources, there-
by itis able to reduce the difficulty in processing the CSI
progresses at a UE side, facilitate the CSI feedback and
acquisition, and save the resources.

[0084] Optionally, the CSI feedback method further in-
cludes: determining, by the UE, a pilot resource in the
first dimension pre-configured by the network side device
for the UE: measuring a pilot signal in the first dimension
transmitted through the pilot resource in the first dimen-
sion, so as to acquire CSI in the first dimension; and



15 EP 3 211 806 B1 16

transmitting, by the UE, the CSl in the first dimension to
the network side device.

[0085] Optionally, the CSI in the first dimension in-
cludes PMI information.

[0086] Optionally, the CSlin the first dimension further
includes RI information corresponding to PMI informa-
tion.

[0087] Optionally, the CSlin the first dimension further
includes CQIl information obtained by the UE in accord-
ance with the PMI information.

[0088] ReferringtoFig.6,the presentdisclosure further
provides in some embodiments a CSl acquisition device
at a network side, including: a first unit 11 configured to
determine beamforming array information in a first di-
mension; a second unit 12 configured to beamform, in
accordance with the beamforming array information in
the first dimension, a pilot signal in a second dimension
to be transmitted through a pilot resource in the second
dimension pre-configured for a UE, and transmit the
beamformed pilot signal in the second dimension to a
UE through a pilot resource in the second dimension;
and a third unit 13 configured to receive from the UE CSI
in the second dimension obtained by the UE by measur-
ing the beamformed pilot signal in the second dimension
on the pilot resource in the second dimension pre-con-
figured for the UE.

[0089] Optionally, the CSI feedback device further in-
cludes a fourth unit configured to pre-configure a pilot
resource in the first dimension for the UE and notify the
UE of the pilot resource in the first dimension, and trans-
mit a pilot signal in the first dimension to the UE through
the pilot resource in the first dimension. The first unit is
further configured to receive, from the UE, CSl in the first
dimension obtained by the UE by measuring the pilot
signal in the first dimension through the pilot resource in
the first dimension, and take the CSl in the first dimension
as the beamforming array information in the first dimen-
sion.

[0090] Optionally, the CSI in the first dimension in-
cludes PMI information.

[0091] Optionally, the CSlin the first dimension further
includes RI information corresponding to the PMI infor-
mation.

[0092] Optionally, the CSlin the first dimension further
includes CQIl information obtained by the UE in accord-
ance with the PMI information.

[0093] Optionally, in the case that the second unit
beamforms the pilot signal in the second dimension in
accordance with the beamforming array information in
the first dimension, the second unit is further configured
to beamform the pilot signal in the second dimension
directly through the CSI in the first dimension which is
measured by the UE through the pilot resource in the first
dimension and transmitted from the UE; or process the
CSl in the first dimension and beamform the pilot signal
in the second dimension in accordance with the proc-
essed CSl in the first dimension.

[0094] Optionally, the first unit is further configured to
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measure an uplink channel to determine the beamform-
ing array information in the first dimension.

[0095] Referringto Fig.7,the presentdisclosure further
provides in some embodiments a CSI feedback device
at a UE side, including: a pilot resource determination
unit 21 configured to determine a pilot resource in a sec-
ond dimension pre-configured by a network side device
for a UE; a measurement unit 22 configured to measure
abeamformed pilot signal in the second dimension trans-
mitted by the network side device through the pilot re-
source in the second dimension, to acquire CSl in the
second dimension, where the beamformed pilot signal in
the second dimension being a pilot signal acquired by
beamforming, by the network side device, a pilot signal
in the second dimension to be transmitted through the
pilot resource in the second dimension in accordance
with beamforming array information in a first dimension;
and a transmission unit 23 configured to transmit the CSI
in the second dimension to the network side device.
[0096] Optionally, the pilot resource determination unit
21 is further configured to determine a pilot resource in
the first dimension prc-configurcd by the network side
device for the UE. The measurement unit 22 is further
configured to measure a pilot signal in the first dimension
transmitted through the pilot resource in the first dimen-
sion, so as to acquire CSl in the first dimension. The
transmission unit 23 is further configured to transmit the
CSl in the first dimension to the network side device.
[0097] Referringto Fig.8,the presentdisclosure further
provides in some embodiments a base station for acquir-
ing CSlI, including a processor 500, a transceiver 510 and
a memory 520. The processor 500 is configured to read
programs stored in the memory 520, so as to: determine
beamforming array information in a first dimension;
beamform, in accordance with the beamforming array
information in the first dimension, a pilot signal in a sec-
ond dimension to be transmitted through a pilot resource
in the second dimension pre-configured for a UE, , and
transmit, through the transceiver 510, the beamformed
pilot signal in the second dimension to the UE through
the pilot resource in the second dimension; and receive,
through the transceiver 510, from the UE CSl in the sec-
ond dimension obtained by the UE by measuring the pilot
signal in the second dimension through the pilot resource
in the second dimension pre-configured for the UE. The
transceiver 510 is configured to receive and transmitdata
under the control of the processor 500.

[0098] The processor 500 is further configured to pre-
configure a pilot resource in the first dimension for the
UE and notify, through the transceiver 510, the UE of the
pilotresource inthe firstdimension, and transmit, through
the transceiver 510, a pilot signal in the first dimension
to the UE through the pilot resource in the first dimension.
[0099] In the case of determining the beamforming ar-
ray information in the first dimension, the processor 500
is further configured to receive, through the transceiver
510, from the UE, CSl in the first dimension obtained by
measuring the pilot signal in the first dimension through
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the pilot resource in the first dimension, and take the CSI
in the first dimension as the beamforming array informa-
tion in the first dimension.

[0100] In the case of beamforming the pilot signal in
the second dimension in accordance with the beamform-
ing array information in the first dimension, the processor
500 is further configured to: beamform the pilot signal in
the second dimension directly through the CSl in the first
dimension which is measured by the UE through the pilot
resource in the first dimension and transmitted from the
UE; or process the CSl in the first dimension and beam-
form the pilot signal in the second dimension in accord-
ance with the processed CSl in the first dimension.
[0101] Optionally, inthe case of determining the beam-
forming array information in the first dimension, the proc-
essor 500 is further configured to measure an uplink
channel to determine the beamform array information in
the first dimension.

[0102] In Fig.5, a bus architecture may include a
number of buses and bridges connected to each other,
so as to connect various circuits for one or more proces-
sors 500 and one or more memories 520. In addition, as
is known in the art, the bus architecture may be used to
connect any other circuits, such as a circuit for a periph-
eral device, a circuit for a voltage stabilizer and a power
management circuit. Bus interfaces are provided, and
the transceiver 510 may consist of a plurality of elements,
i.e., a transmitter and a receiver for communication with
any other devices over a transmission medium. The proc-
essor 500 may take charge of managing the bus archi-
tecture as well general processings. The memory 520
may store data desired for the operation of the processor
500.

[0103] ReferringtoFig.9, the presentdisclosure further
provides in some embodiments a UE for the CSI feed-
back at a UE side, including a processor 600, a trans-
ceiver 610 and a memory 620. The processor 600 is con-
figured to read programs stored in the memory 620, so
as to: determine a pilot resource in a second dimension
pre-configured by a network side device for the UE;
measure a beamformed pilot signal in the second dimen-
sion transmitted by the network side device through the
pilot resource in the second dimension, to acquire CSI
in the second dimension, where the beamformed pilot
signal in the second dimension is acquired by beamform-
ing, by the network side device, a pilot signal in the sec-
ond dimension to be transmitted through the pilot re-
source in the second dimension in accordance with
beamforming array information in a first dimension; and
transmit, through the transceiver 610, the CSl in the sec-
ond dimension to the network side device. The transceiv-
er 610 is configured to receive and transmit data under
the control of the processor 600.

[0104] Optionally, the processor 600 is further config-
ured to: determine, a pilot resource in the first dimension
pre-configured by the network side device for the UE:
measure a pilot signal in the first dimension transmitted
through the pilot resource in the first dimension, so as to
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acquire CSl in the first dimension; and transmit, through
the transceiver 610, the CSl in the first dimension to the
network side device.

[0105] In Fig.6, a bus architecture may include a
number of buses and bridges connected to each other,
so as to connect various circuits for one or more proces-
sors 600 and one or more memories 620. In addition, as
is known in the art, the bus architecture may be used to
connect any other circuits, such as a circuit for a periph-
eral device, a circuit for a voltage stabilizer and a power
management circuit. Bus interfaces are provided, and
the transceiver 610 may consist of a plurality of elements,
i.e., a transmitter and a receiver for communication with
any other devices over a transmission medium. With re-
spect to different UEs, a user interface 630 may also be
provided for devices which are to be arranged inside or
outside the UE, and these devices may include but not
limited to a keypad, a display, a speaker, a microphone
and a joystick.

[0106] The processor 600 may take charge of manag-
ing the bus architecture as well as general processings.
The memory 620 may store data desired for the operation
of the processor 600.

[0107] Ina word, according to the embodiments of the
present disclosure, the UE may measure the CSI-RS in
the horizontal dimension and transmit the CSl in the hor-
izontal dimension to the network side device. The CSlis
the overall CSl acquired after the 3D MIMO beamforming
operation, and it may be directly used for scheduling the
link, i.e., it is unnecessary for the eNB to further process
the CSI. Hence, it is able to reduce the CSI-RS overhead
as well as the CSlfeedback and measurementoverhead.
In addition, due to the very low requirement on the
processing, it is able for the eNB to directly use the CSI
in the horizontal dimension to perform the link adaption
without further processing the CSl in the vertical dimen-
sion and the CSI in the horizontal dimension, so it is able
to reduce the complexity of the eNB.

[0108] It should be appreciated that, the present dis-
closure may be provided as a method, a system or a
computer program product, so the present disclosure
may be in the form of full hardware embodiments, full
software embodiments, or combinations thereof. In ad-
dition, the present disclosure may be in the form of a
computer program product implemented on one or more
computer-readable storage mediums (including but not
limited to disk memory and optical memory) including
computer-readable program codes.

[0109] The presentdisclosure has beendescribed with
reference to the flow charts and/or block diagrams of the
method, device (system) and computer program product
according to the embodiments of the present disclosure.
It should be understood that computer program instruc-
tions may be used to implement each of the work flows
and/or blocks in the flow charts and/or the block dia-
grams, and the combination of the work flows and/or
blocks in the flow charts and/or the block diagrams.
These computer program instructions may be provided
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to a processor of a common computer, a dedicate com-
puter, an embedded processor or any other programma-
ble data processing devices to create a machine, so that
instructions executable by the processor of the computer
or the other programmable data processing devices may
create a device to achieve the functions assigned in one
or more work flows in the flow chart and/or one or more
blocks in the block diagram.

[0110] These computer program instructions may also
be stored in a computer readable storage that may guide
the computer or the other programmable data process
devices to function in a certain way, so that the instruc-
tions stored in the computer readable storage may create
a productincluding an instruction unit which achieves the
functions assigned in one or more flows in the flow chart
and/or one or more blocks in the block diagram.

[0111] These computer program instructions may also
be loaded in the computer or the other programmable
data process devices, so that a series of operation steps
are executed on the computer or the other programmable
devices to create processes achieved by the computer.
Therefore, the instructions executed in the computer or
the other programmable devices provide the steps for
achieving the function assigned in one or more flows in
the flow chart and/or one or more blocks in the block
diagram.

Claims

1. A Channel State Information, CSI, acquisition meth-
od, comprising:

determining beamforming array information in a
first dimension (Step 201);

beamforming a pilot signal to be used for meas-
urements in a second dimension in accordance
with the beamforming array information in the
first dimension, and transmitting the beam-
formed pilot signal to be used for the measure-
ments in the second dimension to a User Equip-
ment, UE, through a pilot resource in the second
dimension (Step 202); and

receiving, from the UE, CSI in the second di-
mension obtained by the UE by measuring the
beamformed pilot signal used for the measure-
ments in the second dimension (Step 203);
wherein the determining the beamforming array
information in the first dimension (Step 201)
comprises:

pre-configuring a pilot resource in the first
dimension for the UE and notifying the UE
of the pilot resource in the first dimension;
transmitting a pilot signal in the first dimen-
sion to the UE through the pilot resource in
the first dimension; and

receiving, from the UE, CSl in the first di-

10

15

20

25

30

35

40

45

50

55

1"

mension obtained by the UE by measuring
the pilot signal in the first dimension through
the pilot resource in the first dimension, and
taking the CSl in the first dimension as the
beamforming array information in the first
dimension;

wherein the beamforming the pilot signal to be
used for the measurements in the second di-
mension in accordance with the beamforming
array information in the first dimension further
comprises:

processing the CSI in the first dimension
and beamforming the pilot signal to be used
for the measurements in the second dimen-
sion in accordance with the processed CSI
in the first dimension; wherein

the CSI in the first dimension comprises
Precoding Matrix Indicator, PMI, informa-
tion and Channel Quality Indicator, CQl, in-
formation obtained by the UE in accordance
with the PMI information,

characterised in that the CSI in the first
dimension further comprises Rank Indica-
tor, RI, information corresponding to the
PMI information.

The CSI acquisition method according to claim 1,
wherein the first dimension is perpendicular to the
second dimension.

The CSl acquisition method according to any one of
claims 1to 2, wherein the pilot resource is a Channel
State Information Reference Signal, CSI-RS, re-
source or a Common Reference Signal, CRS, re-
source.

A Channel State Information, CSI, acquisition de-
vice, comprising:

a first unit (11) configured to determine beam-
forming array information in a first dimension;
a second unit (12) configured to beamform a pi-
lot signal to be used for measurements in a sec-
ond dimension in accordance with the beam-
forming array information in the first dimension,
and transmit the beamformed pilot signal to be
used for measurements in the second dimen-
sion to a User Equipment, UE, through a pilot
resource in the second dimension; and

a third unit (13) configured to receive from the
UE CSI in the second dimension obtained by
the UE by measuring the beamformed pilot sig-
nal used for the measurements in the second
dimension.

the device further comprising:
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a fourth unit configured to pre-configure a
pilot resource in the first dimension for the
UE and notify the UE of the pilot resource
in the first dimension, and transmit a pilot
signal in the first dimension to the UE
through the pilot resource in the first dimen-
sion,

wherein the first unit (11) is further config-
ured to receive, from the UE, CSl in the first
dimension obtained by the UE by measur-
ing the pilot signal in the first dimension
through the pilot resource in the first dimen-
sion, and take the CSl in the first dimension
as the beamforming array information in the
first dimension;

wherein the second unit (12) is further
configured to process the CSlin thefirst
dimension and beamform the pilot sig-
nal to be used for the measurementsin
the second dimension in accordance
with the processed CSI in the first di-
mension;

wherein the CSI in the first dimension
comprises Precoding Matrix Indicator,
PMI, information and Channel Quality
Indicator, CQl, information obtained by
the UE in accordance with the PMI in-
formation,

characterised in that the CSl in the first dimen-
sion further comprises Rank Indicator, R, infor-
mation corresponding to the PMI information.

Patentanspriiche

Verfahren zur Erfassung von Kanalzustandsinfor-
mationen, CSI, mit folgenden Schritten:

Bestimmen von Strahlformungs-Array-Informa-
tionen in einer ersten Dimension (Schritt 201);
Strahlformen eines Pilotsignals, das fir Mes-
sungen in einer zweiten Dimension verwendet
wird, entsprechend den Strahlformungs-Array-
Informationen in der ersten Dimension und Sen-
den des strahlgeformten Pilotsignals, das fiir die
Messungen in der zweiten Dimension verwen-
det wird, an ein Benutzerendgerat, UE, durch
eine Pilotressource in der zweiten Dimension
(Schritt 202); und

Empfangen, vondem UE, von CSlinderzweiten
Dimension, die von dem UE durch Messen des
strahlgeformten Pilotsignals erhalten werden,
welches flr die Messungen in der zweiten Di-
mension verwendet wird (Schritt 203);

wobei das Bestimmen der Strahlformungs-Ar-
ray-Informationen in der ersten Dimension
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(Schritt 201) umfasst:

Vorkonfigurieren einer Pilotressource in der
ersten Dimension fir das UE und Benach-
richtigen des UE (ber die Pilotressource in
der ersten Dimension;

Senden eines Pilotsignals in der ersten Di-
mension an das UE durch die Pilotressour-
ce in der ersten Dimension; und
Empfangen, von dem UE, von CSI in der
ersten Dimension, die von dem UE durch
Messen des Pilotsignals in der ersten Di-
mension durch die Pilotressourcein derers-
ten Dimension erhalten werden, und Ver-
wenden der CSI in der ersten Dimension
als die Strahlformungs-Array-Informatio-
nen in der ersten Dimension;

wobei das Strahlformen des Pilotsignals, das fur
die Messungen in der zweiten Dimension ver-
wendet wird, entsprechend den Strahlfor-
mungs-Array-Informationen in der ersten Di-
mension ferner umfasst:

Verarbeiten der CSl in der ersten Dimensi-
on und Strahlformen des Pilotsignals, das
fur die Messungen in der zweiten Dimensi-
on verwendet wird, entsprechend den ver-
arbeiteten CSl in der ersten Dimension;
wobei die CSl in der ersten Dimension Vor-
codierungsmatrixindikator-, PMI, Informati-
onen umfasst sowie Kanalqualitatsindika-
tor-, CQl, -Informationen, die von dem UE
entsprechend den PMI-Informationen er-
halten werden,

dadurch gekennzeichnet, dass die CSl in der
ersten Dimension ferner Rangindikator-, RI, In-
formationen umfassen, die den PMI-Informatio-
nen entsprechen.

CSlI-Erfassungsverfahren nach Anspruch 1, wobei
die erste Dimension senkrecht zur zweiten Dimen-
sion ist.

CSlI-Erfassungsverfahren nach einem der Anspri-
che 1 bis 2, wobei die Pilotressource eine Kanalzu-
standsinformations-Referenzsignal-, CSI-RS, Res-
source oder eine gemeinsame Referenzsignal-,
CRS, Ressource ist.

Vorrichtung zur Erfassung von Kanalzustandsinfor-
mationen, CSlI, die Folgendes aufweist:

eine erste Einheit (11), die zum Bestimmen von
Strahlformungs-Array-Informationen in einer
ersten Dimension ausgebildet ist;

eine zweite Einheit (12), die zum Strahlformen
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eines Pilotsignals, das fir Messungen in einer
zweiten Dimension verwendet wird, entspre-
chend den Strahlformungs-Array-Informationen
in der ersten Dimension ausgebildet ist sowie

24

déterminer les informations de réseau de forma-
tion de faisceau dans une premiére dimension
(Etape 201);

effectuer une formation de faisceau d’'un signal

zum Senden des strahlgeformten Pilotsignals, % pilote a utiliser pour les mesures dans une
das fiir die Messungen in der zweiten Dimension deuxieme dimension selon les informations de
verwendet wird, an ein Benutzerendgerat, UE, réseau de formation de faisceau dans la premié-
durch eine Pilotressource in der zweiten Dimen- re dimension, et transmettre le signal pilote en
sion; und forme de faisceau a utiliser pour les mesures
eine dritte Einheit (13), die zum Empfangen,von 70 dans la deuxiéme dimension a un Equipement
dem UE, von CSl in der zweiten Dimension aus- d’Utilisateur, UE, par I'intermédiaire d’une res-
gebildet ist, die von dem UE durch Messen des source pilote dans la deuxieme dimension (Eta-
strahlgeformten Pilotsignals erhalten werden, pe 202); et
welches flr die Messungen in der zweiten Di- recevoir, de 'UE, les CSI dans la deuxiéme di-
mension verwendet wird, 15 mension obtenues par 'UE en mesurant le si-
wobei die Vorrichtung ferner aufweist: gnal pilote en forme de faisceau utilisé pour les
mesures dans la deuxiéme dimension (Etape
eine vierte Einheit, die ausgebildet ist zum 203);
Vorkonfigurieren einer Pilotressource in der dans lequel la détermination des informations
ersten Dimension fiir das UE und zum Be- 20 de réseau de formation de faisceau dans la pre-
nachrichtigen des UE Uber die Pilotressour- miere dimension (Etape 201) comprend le fait
ce in der ersten Dimension sowie zum Sen- de:
den eines Pilotsignals in der ersten Dimen-
sion an das UE durch die Pilotressource in préconfigurer une ressource pilote dans la
der ersten Dimension; 25 premiére dimension pour I'UE et notifier a
wobei die erste Einheit (11) ferner ausge- 'UE la ressource pilote dans la premiere
bildet ist zum Empfangen, von dem UE, von dimension;
CSl in der ersten Dimension, die von dem transmettre un signal pilote dans la premie-
UE durch Messen des Pilotsignals in der re dimension a I'UE par l'intermédiaire de
ersten Dimension durch die Pilotressource 30 la ressource pilote dans la premiere dimen-
in der ersten Dimension erhalten werden, sion; et
und zum Verwenden der CSl in der ersten recevoir, de 'UE, les CSI dans la premiére
Dimension als die Strahlformungs-Array-In- dimension obtenues par 'UE en mesurant
formationen in der ersten Dimension; le signal pilote dans la premiére dimension
wobei die zweite Einheit (12) ferner ausge- 35 'UE par l'intermédiaire de la ressource pi-
bildetistzum Verarbeiten der CSlin derers- lote dans la premiére dimension, et en pre-
ten Dimension und zum Strahlformen des nant les CSI dans la premiére dimension
Pilotsignals, das fur die Messungen in der comme informations de réseau de forma-
zweiten Dimension verwendet wird, ent- tion de faisceau dans la premiére dimen-
sprechend den verarbeiteten CSlinderers- 40 sion;
ten Dimension;
wobei die CSl in der ersten Dimension Vor- dans lequel la formation de faisceau du signal
codierungsmatrixindikator-, PMI, Informati- pilote a utiliser pour les mesures dans la deuxié-
onen umfassen sowie Kanalqualitatsindika- me dimension selon les informations du réseau
tor-, CQl, -Informationen, die von dem UE 45 de formation de faisceau dans la premiere di-
entsprechend den PMI-Informationen er- mension comprend par ailleurs le fait de:
halten werden, dadurch gekennzeichnet,
dass die CSlin derersten Dimension ferner traiter les CSI dans la premiére dimension
Rangindikator-, RI, Informationen umfas- et former en faisceau le signal pilote a utili-
sen, die den PMI-Informationen entspre- 50 ser pour les mesures dans la deuxiéme di-
chen. mension selon les CSl traitées dans la pre-
miére dimension;
danslequelles CSldans lapremiére dimen-
Revendications sion comprennentles informations d’Indica-
55

teur de Matrice de Pré-codage, PMI, et les

informations d’Indicateur de Qualité de Ca-
nal, CQl, obtenues par 'UE selon les infor-
mations de PMI,

1. Procédé d’acquisition d’Informations d’Etat de Ca-
nal, CSl, comprenant le fait de:

13
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caractérisé par le fait que les CSl dans la pre-
miere dimension comprennent par ailleurs les
informations d’Indicateur de Rang, RI, corres-
pondant aux informations de PMI.

Procédé d’acquisition de CSl selon la revendication
1, dans lequel la premiére dimension est perpendi-
culaire a la deuxiéme dimension.

Procédé d’acquisition de CSlselonl’'une quelconque
des revendications 1 a 2, dans lequel la ressource
pilote estune ressource de Signal de Référence d’In-
formations d’Etatde Canal, CSI-RS, ou une ressour-
ce de Signal de Référence Commun, CRS.

Dispositif d’acquisition d’'Informations d’Etat de Ca-
nal, CSl, comprenant:

une premiére unité (11) configurée pour déter-
miner les informations de réseau de formation
de faisceau dans une premiére dimension;
une deuxieme unité (12) configurée pour former
en faisceau un signal pilote a utiliser pour les
mesures dans une deuxiéme dimension selon
les informations de réseau de formation de fais-
ceau dans la premiéere dimension, et pour trans-
mettre le signal pilote en forme de faisceau a
utiliser pour les mesures dans la deuxiéme di-
mension a un Equipement d’Utilisateur, UE, par
lintermédiaire d’une ressource pilote dans la
deuxiéme dimension; et

une troisieme unité (13) configurée pour rece-
voirde 'UE les CSl dans la deuxiéme dimension
obtenues par 'UE en mesurant le signal pilote
en forme de faisceau utilisé pour les mesures
dans la deuxiéme dimension,

le dispositif comprenant par ailleurs:

une quatrieme unité configurée pour pré-
configurer une ressource pilote dans la pre-
miere dimension pour 'UE et notifier a 'UE
la ressource pilote dans la premiere dimen-
sion, et transmettre un signal pilote dans la
premiére dimension a I'UE par I'intermédiai-
re de la ressource pilote dans la premiere
dimension,

dans lequel la premiére unité (11) est par
ailleurs configurée pour recevoir, de I'UE,
les CSI dans la premiére dimension obte-
nues par I'UE en mesurant le signal pilote
dans la premiére dimension par I'intermé-
diaire de laressource pilote dans la premié-
re dimension, et prendre les CSI dans la
premiére dimension comme informations
de réseau de formation de faisceau dans la
premiére dimension;

dans lequel la deuxiéme unité (12) est par
ailleurs configurée pour traiter les CSl dans
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la premiére dimension et pour former en
faisceau le signal pilote a utiliser pour les
mesures dans ladeuxiéme dimension selon
les CSI traitées dans la premiére dimen-
sion;

danslequelles CSldans lapremiére dimen-
sion comprennentles informations d’Indica-
teur de Matrice de Pré-codage, PMI, et les
informations d’Indicateur de Qualité de Ca-
nal, CQl, obtenues par 'UE selon les infor-
mations de PMI,

caractérisé par le fait que les CSl dans la
premiére dimension comprennent par
ailleurs les informations d’Indicateur de
Rang, RI, correspondant aux informations
de PMI.
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configuring, by the eNB, a CSI-RS resource in a vertical
dimension and a CSI-RS resource in a horizontal dimension for
a UE, and notifying the UE of resource configuration
information about the CSI-RS resource in the vertical
dimension and resource configuration information about the
CSI-RS resource in the horizontal dimension

'

transmitting, by the eNB, a CSI-RS in the vertical dimension to
the UE through the CSI-RS resource in the vertical dimension

¢

measuring, by the UE, the CSI-RS in the vertical dimension

transmitted by the eNB through the CSI-RS resource in the
vertical dimension to acquire CSI in the vertical dimension, and
transmit the acquired CSI in the vertical dimension to the eNB

¢

receiving, by the eNB, the CSI in the vertical dimension,
including the beamforming array information in the vertical
dimension (e.g., w)

i

beamforming, by the eNB, a CSI-RS in the horizontal
dimension in accordance with the received CSI in the vertical
dimension, and transmitting the beamformed CSI-RS in the
horizontal dimension to the UE

i

measuring, by the UE, the CSI-RS in the horizontal dimension
transmitted by the eNB through the CSI-RS resource in the
horizontal dimension, and transmitting, by the UE, the
measured CSI in the horizontal dimension to the eNB

!

receiving, by the eNB, the CSI in the horizontal dimension
from the UE

SRR R SRR SR SR

Fig.1
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determining beamforming array information in a first
dimension

'

beamforming, in accordance with the beamforming array
information in the first dimension, a pilot signal in a second
dimension to be transmitted through a pilot resource in the
second dimension pre-configured for a UE, and transmitting the
beamformed pilot signal in the second dimension to the UE
through the pilot resource in the second dimension

5202

v

5203

receiving, from the UE, CSI in the second dimension obtained
by the UE by measuring the beamformed pilot signal in the
second dimension through the pilot resource in the second
dimension pre-configured for the UE

Fig.4

determining a pilot resource in a second dimension pre-
configured by a network side device for a UE

S301
/\/

'

measuring a beamformed pilot signal in the second dimension
transmittcd by the network side device through the pilot
resource in the second dimension, to acquire CSI in the second
dimension, where the beamformed pilot signal in the second
dimension is acquired by beamforming, by the network side
device, a pilot signal in the second dimension to be transmitted
through the pilot resource in the second dimension in
accordance with beamforming array information in a first
dimension

L S302

/

transmitting the CSI in the second dimension to the network
side device

S303

Fig.5

17
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first unit 24
12
second unit 24
Yava 13
third unit
Fig.6
, 21
pilot resource |\
determination unit
22
measurement unit |~
23
transmission unit 2

Fig.7
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